Tracheostomy is a common procedure in ICU, particularly as an approach for weaning from mechanical ventilation. In mid-1980s percutaneous tracheostomy (PCT) was introduced as a less invasive alternative for the standard surgical tracheostomy. A tracheostomy facilitates weaning from mechanical ventilation, in long-term ventilated patients, by improving airway cleaning, better patient comfort and decreasing airway resistance. Prolonged mechanical ventilation has as main complication ventilator-associated pneumonia. In such case early tracheostomy may reduce that complication.
Introduction
Tracheostomy is a common procedure in critical care setting, particularly as an approach for weaning from mechanical ventilation after several weaning failures [1] .
In 1909, Jackson described the standard surgical tracheostomy and in mid-1980s percutaneous tracheostomy (PCT) was introduced as a less invasive alternative for the standard surgical tracheostomy and over the last decade has gained worldwide acceptance [2, 3] .
A tracheostomy facilitates weaning from mechanical ventilation, in long-term ventilated patients, by improving airway suctioning and cleaning, better patient comfort, decreasing airway resistance and work of breathing [1, 4] . Prolonged mechanical ventilation (MV) in intubated patients has as main complications: ventilatorassociated pneumonia, side effects related with prolonged sedation and laryngeal injury. In such cases early tracheostomy may reduce these complications [1] .
Some complications are related to tracheostomy mostly: bleeding, tracheal stenosis and infection. Several studies have shown that PCT is a safe, practical and fast procedure and it is associated with lower morbidity than standard surgical tracheostomy [5, 6] .
Originally PCT was introduced without bronchoscopy, in the following years this approach was added for guiding the tracheal
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puncture. Today the use of bronchoscopy is optional and there is no difference in the rate of complications with and without bronchoscopy [3, 7] .
The aim of this study was to analyze the safety of PCT performed at the bedside in one intensive care unit (ICU).
Methods
We evaluated prospectively 104 consecutive adult patients (65 men, 39 women) with a mean age of 53 years who underwent PCT at our ICU (Camaçari General Hospital/Brazil) between March 2012 and February 2014. The study was conducted in a general ICU (7 beds). Inclusion criteria were: age more than 18 years and indication for tracheostomy (two or more weaning failures, need for airway protection). Exclusion criteria included technical contraindication to PCT like enlarged thyroid gland and coagulopathy. The ethics committee approved the study. Informed consent was obtained from all the patients or the patient´s family if the patient was not mentally capable.
All the PCT were performed at bedside by an experienced physician using Ciaglia progressive dilatational tracheostomy technique (Ciaglia Percutaneous Tracheostomy Introducer Set; William Cook). Patients received intravenous analgesia and sedation (Midazolam 0.1 mg/Kg, Ketamine 1 mg/Kg or Propofol 1 mg/Kg associated with Fentanyl 4 ug/Kg). The patient was positioned in the ICU bed with the neck hyperextended and the operative area prepared. The patient's lungs were ventilated with 100% oxygen. The tracheal tube was repositioned above the site of the proposed tracheostomy. Blood pressure, cardiac rate and rhythm and pulse oximetry were continuously monitored during the PCT. A 2 cm horizontal incision was made between the cricoid cartilage and the suprasternal notch in the area between the first and second, or the second and the third tracheal rings. The trachea was then punctured in the midline by a cannula. Correct positioning was confirmed by easy aspiration of air. The guidewire was then passed and the percutaneous dilators, starting with 14 Fr dilator increasing to a size of 38 Fr (single dilatator-Blue Rhino), finally the tracheostomy tube was placed through the guide wire, it was then took out and the tube fixed by stitches.
All patients had chest X-rays performed after the tracheostomy. The first change of the tracheostomy tube was performed after 5 days.
Intraprocedural and post procedural complications were recorded. All patients were followed during hospitalization and 1 year after the discharge. Telephone follow-up was made after the discharge.
The patients, after PCT, without contraindication for weaning from MV (absent hypoxemia, hemodynamic or metabolic instability or sepsis) underwent spontaneous breathing trial (SBT) for 30 min on pressure support ventilation mode (PSV) of 7 cm H 2 O, FiO 2 ≤ 40% and PEEP 5 cm H 2 0. Patients who passed SBT without signs of respiratory failure, hemodynamic instability or psychomotor disturbs were disconnected from MV, they were considered weaning success after 48 h without MV.
Weaning failure was characterized for SBT failure (signs of respiratory insufficiency, hemodynamic instability or psychomotor disturbs) or return to MV within 48 h after SBT.
Results
Of the 104 patients enrolled in the study, reasons for PCT were weaning failures in 82 (78.85%) and airway protection in 22 (21.15). The most frequently reasons for admission to the ICU were: pneumonia in 25 patients (24%), sepsis in 19 patients (18.3%) and drug intoxication in 7 (6.7%), Table 1 . The mean duration of preceding translaryngeal intubation was 9 days. The mean length of ICU stay was 14 days.
We observed one complication in one patient; it was a tracheal stenosis that was successfully treated by surgery. In our series of 104 patients, there was no bleeding or accidental decannulation and there were no deaths directly related to the procedure.
A total of 66 patients (63%) died during their stay in the ICU. These deaths were unrelated to the PCT, but related to severe organ dysfunction. Of the 66 deaths, shock in 25 (37.9%), multiple organ dysfunction syndrome in 19 (28.8%) and acute respiratory distress syndrome 9 (13.6%) were the most frequent causes.
A total of 38 patients (36.5%) survived and was discharged from the hospital of these 37 was decannulated. In one patient, with severe brain injury after stroke, tracheostomy tube was maintained for airways protection although successfully weaning from mechanical ventilation.
Discussion
Percutaneous tracheostomy was introduced by Ciaglia in 1985 and progressively gained worldwide acceptance mostly at intensive care setting [1, 3] . Today 60% of the tracheostomies performed at ICU are made by percutaneous technique. In relation to the standard surgical tracheostomy, PCT is more practical, faster, bedside technique and associated with fewer complications [1, 7] . In a meta-analysis involving 1212 patients, PCT was associated with lower incidence of hemorrhage, wound infection and death compared with surgical standard tracheostomy [5] .
According to literature complications related to PCT are rare, 3%-4% [1, 5, 7] . In our study occurred 1 complication in one patient (0.96%) it was a tracheal stenosis. According to a large cohort of 800 patients who underwent PCT, displacement of the tracheal tube occurred in only one patient [7] . Among our patients we didn't have displacement of tracheal tubes because these were systematically fixed with stitches.
Death related to PCT is a rare event; rates of 0% and 0.35% are described in the literature [1, 7, 8] . In one study of 572 patients, who underwent PCT, occurred 2 deaths related to the procedure due to trachea-innominate fistulae, mortality of 0.35% [8] . In our study there were not deaths directly related to PCT, they were attributed to severe illnesses, mostly sepsis and organs dysfunction.
There is a relationship between PCT learning curve and complications. Morbidity and mortality increase when inexperienced physicians perform PCT. According to a great prospective cohort of 800 patients, more than 5 attempts were considered sufficient to learn how to perform this procedure and were associated with a decrease in perioperative complications [7] . In our series of patients all the PCT were performed by an experienced physician with more than 10 PCT attempted before the study.
Originally Ciaglia introduced PCT without bronchoscopy; posteriorly it was added to guide the physician in performing the procedure. Today the use of bronchoscopy is optional and there is no difference in the rate of complications with and without bronchoscopy [3, 7] .
Several studies have shown that PCT facilitates weaning from mechanical ventilation decreasing duration of mechanical ventilation, pneumonia and mortality [1, 3, [9] [10] [11] ]. In our series of patients PCT resulted in 100% successfully weaning from mechanical ventilation and 99% of decannulation. This impressive achievement may be explained by our experienced group in implementing our weaning protocol [12, 13].
In conclusion percutaneous tracheostomy without bronchoscopy, among our series of patients, was a safe and practical procedure and can be considered a routine approach in the bedside management of critical long-term ventilated patients.
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